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Abstract
The simulation of burner located in free stream has one disadvantage because it don’t
take into account a recirculation of flue gasses in real melting chamber. Combustion
processes and production of emissions may be affected by this simplification. Extension of
previous simulation to the model containing simplified model of test melting chamber is
described in this paper. For this simulation is used an OpenFOAM platform and DES
model of turbulent flow field which allow to capture unsteady phenomena of reacting flow
field in free stream and to simplify modeling of turbulent flow field in near wall region.
There are discussed possible improvements of solvers due very high consumption of
computational time.

INTRODUCTION
The increase of computing power in last years allows to use this power into various number
of simulations that allow us to better understand various phenomena. One of this phenomena
is combustion. Experimental tools provide us limited amount of information due high temperature,
flame radiation and highly unsteady flow. In previous work [1] was shown an advantage of Large
Eddies Simulation (LES) over Reynolds Averaged Navier Stokes (RANS) turbulence mondel
on isolated burner. In figure 1 is shown comparison between RANS and LES turbulence model.
In the case of LES model we achieve much more information about structure of velocity
and temperature field which is important for burner optimization. There are high computational
demands of this model. Therefore is often used RANS model of turbulence which allow us
decrease computational demands and achieve suitable results especially in the case of global
parameters.
In this paper will be presented results of burner simulation which is located in model
of furnace chamber. This simulation clarifies the results presented in the previous article [1].
Application of industrial burners is characterized by two timescales. The first one (shorter) is
connected with mixing of fuel, it's burning and pollutant formation [1]. The second one (larger) is
connected e.g. with recirculation of flue gas in furnace or heat transfer into wall or melt and is
included into this simulation. There is number of simplification which will be discussed later.

a) RANS

b) DES (LES)

Fig. 1.: Comparison of temperature field for different turbulence model

GOVERNING EQUATIONS

Following system of filtered Partial Differential Equations (PDE) is used for description of reacting
flow field
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These equations have to be completed by equation of state
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Where % is an average molar mass and % is a molar Mass of fraction i. Then we apply Dalton Law
(6)
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is a partial pressure of fraction i. Now it is possible to define ideal gas law for fraction i
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In this equation we used partial density ρ and number of moles & of fraction i, temperature ( and
universal gas constant '. Finally we obtain density in following form
(8)

ρ = ∑" ρ
For ideal gas the enthalpy is defined as
ℎ = *+ (
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For ideal mixture is coefficient of heat capacity *+ defined as
*+ = ∑" *+

(10)

where *+ is a heat capacity of fraction i.

Turbulent viscosity is then modeled via suitable model [2,3]. In this work the Detached Eddy
Simulation (DES) is used. This model is a combination of RANS and LES models. In this model the
near-wall regions are solved as RANS equations and the other flow as LES. It leads to reduction of
computational cost. In this case was use k-omega SST DES turbulence model presented in [4].

Combustion of natural gas is simulated

Partial Stirred Reactor model [5] and 4-step

chemistry model [6] with one step chemistry for NOx [7].
Tab. 1.: Reduced chemistry model used in simulations

A
CH40.5+ 0.5O21.25 => CO + 2H2
CH41+

1

H2O => CO + 3H2

H20.5 + 0.5O21.5 <=> H2O1
1

1

CO + H2O <=>

CO21

N21 + O20.5 <=> 2NO

+

H21

n

Ea

7.824E+13 0.0

30000

3E+11 0.0

30000

1.209E+18 0.0

40000

2.75E+12 0.0

20000

7.4E+13 -0.5

76337.13

RESULTS

Geometry of computational domain is shown in figure 2. It consists from 2.32 M of cells.
SnappyHex meshing algorithm is applied in order to create hexahedral dominant mesh.
Boudnary layer is resolved via wall functions which allow height of first layer y+ > 30.

a) global overview

b) burner detail
Fig. 2.: Computational domain

In this case was solved problem where the ratio between primary and secondary oxygen
stream is 40/60 and air fuel ratio (AFR) is 4. This value corresponds to stoichiometric ratio between
fuel (natural gas) and oxygen. The ambient temperature of furnace gases is set to 1723 K and it is
composed from 43 % of water steam, 47 % of carbon dioxide and 10 % of nitrogen.

In figure 3 is shown time evaluation of temperature field on symmetry field. It is possible to
seen that we need to solve more than 4 s of physical time to obtain more realistic temperature
field. Therefore we need is much more time to solve this problem than we need for simulation of
isolated burner.

a) time t = 1.0 s

b) time t = 2.0 s

a) time t = 3.0 s

b) time t = 4.0 s

Fig. 3.: Evaluation of temperature field

a) concentration of CH4

b) concentration of CO

Fig. 4.: Concentration of CH4 and CO on symmetry plane in time t=4,0 s

Figure 4 shown emissions in combustion chamber. We obtain similar results as in previous
work [1] where simplified model predict unburned CH4 and CO on outlet from combustion chamber.
This could be improved by setting different ratio between primary and secondary oxidizer stream
ratio or by changing geometry of furnace chamber which allow longer combustion process.

CONCLUSIONS

The result of the burner simulation which is located in the model chamber is summarized
in this paper. We obtain similar results to our previous work presented in [1]. This simulation is
much more time-consuming because we need to resolve two different time scales. The short one is
connected with mixing fuel and oxidizer and burning. The large one is connected with recirculation
of flue gases in furnace chamber.
Several simplification have been applied due limitations connected with implementation
of OpenFOAM platform. The main one is connected with modeling heat losses and radiation.
Explicit form of boundary condition for descriptions of heat sources/loses is implemented
in OpenFOAM. This form of boundary condition is for high thermal fluxes (>1000 W/m2) unstable.
This numerical instability leads into reduction of time step and therefore is there significant
increase of simulation time.
There are two possible themes for future work. The first one is implementation of implicit
form of heat loses boundary condition which leads to higher stability of simulation. The second
one is implementation of solvers which allow to solve parallel combustion (highly unsteady region)
and recirculation of flue gasses (steady region) in combustion chamber.
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